







Peer review uInternational Journal of Gastronomy and Food Science 1 (2012) 90–95Scientiﬁc Paperwww.elsevier.com/locate/ijgfsDecoupling the effects of heating and ﬂaming on chemical and sensory
changes during ﬂambé cooking
Christine E. Hansen, Misha T. Kwasniewski, Gavin L. Sacksn
Department of Food Science, Cornell University—NYSAES, 630 W. North St., Geneva, NY 14456, USA
Received 19 July 2012; accepted 2 April 2013
Available online 25 April 2013Abstract
Anecdotal and literature accounts on the combustion, or ﬂaming, of high-proof spirits during food preparation (ﬂambé) have reported ethanol
losses, browning and sensory changes of the ﬁnal product. In this work, the effects of heating and combustion were decoupled by preparing
model ﬂambé (heated-and-ignited) systems alongside similar systems which were heated but not ignited. In a simple ﬂambé systems consisting
only of vodka, we observed a 24.7% loss of ethanol in the heated-and-ignited treatments and a 34.7% loss in the heated-not-ignited systems. In a
model caramel sauce containing butter, sugar, and vodka, no signiﬁcant difference in ethanol loss was observed between the ignited (13.2%) and
not-ignited (14.1%) treatments. In both systems, the majority of ethanol loss was due to heating rather than combustion. No signiﬁcant difference
was observed in Hunter lightness (L) values between heated-and-ignited and heated-not-ignited treatments for the butter–sugar–vodka system,
suggesting that the effect of ﬂambé on browning was minimal. Maximum surface and ﬂame temperatures were then measured in the vodka
system by thermocouples. While maximum ﬂame temperatures up to 532 1C were observed during 15 s of ﬂaming, the maximum temperature at
1 cm above the pan surface was 67 1C, below temperatures typically required for signiﬁcant Maillard or caramelization reactions on this time
scale. In triangle tests using the vodka system, panelists were able to discriminate heated-and-ignited from the unheated control and, in one
experiment, from the heated-not-ignited sample, even when treated samples were reconstituted with water and ethanol lost. However, for the
butter–sugar–vodka system, the majority of panelists could not discriminate between ignited and not-ignited treatments.
& 2013 AZTI-Tecnalia. Production and hosting by Elsevier B.V. All rights reserved.
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Flambé, or the ignition and subsequent ﬂaming of spirits
during food preparation, is a cooking method used in several
well known recipes such as Bananas Foster and Crêpes Suzette.
A typical procedure for ﬂambé involves heating a pan, often
containing other ingredients, then adding the spirit and allowing
it to heat for a few seconds before igniting the ethanol vapors.
The ﬂame is then covered or allowed to burn out on its own.
Generally, high proof spirits (40% v/v ethanol or greater) are
used in ﬂambé, e.g., rum in Bananas Foster. The chemical and13 AZTI-Tecnalia. Production and hosting by Elsevier B.V. All r
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nder responsibility of AZTI-Tecnalia.sensory effects of ﬂambé, if any, are of interest to culinary
scientists for multiple reasons. First, ﬂambé can be dangerous.
Tableside ﬂambé is illegal in several localities, and in cases
where it is legal, serious burns can occur if performed
improperly. Thus, it may be preferable to avoid ﬂaming a dish
if it does not uniquely affect the ﬂavor. Second, consumers who
wish to avoid alcohol for health or religious reasons may desire
to avoid ﬂambéed foods if a large percentage of ethanol is
retained in the ﬁnal product. However, as subsequently dis-
cussed, the amount of ethanol lost during ﬂambé is not resolved.
While the theatricality of ﬂambé is obvious, there is little
consensus regarding the sensory or chemical impact of the
technique in cookbooks and minimal scientiﬁc literature to
consult. A common assertion in cookbooks is that ﬂambé
results in combustion and rapid loss of ethanol during cooking
(Dodge et al., 2002; Schaeli, 1992), and one author reported a
79% loss of ethanol during the ﬂambé preparation of Steak
Diane (Olson, 2004). In contrast, an earlier study found that asights reserved.
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(Augustin et al., 1992). A second justiﬁcation cited for
performing ﬂambé is that it encourages browning reactions.
In support of this assertion, Olson reported that the ﬂame
temperature of ﬂambé exceeds 500 1F, well in excess of
temperatures needed for caramelization or Maillard reactions
(Olson, 2004). However, no chemical data, e.g., a darkening of
color, has been reported to justify this claim.
A confounding variable regarding previous observations
on ﬂambé, anecdotal or otherwise, is that it is unclear which
changes result from heating of the dish and which changes are
speciﬁcally due to ignition of the spirit. For example, arson
science studies have shown that liquid fuels can be lost as a
result of both combustion and evaporation (Ma et al., 2004),
and evaporative losses of ethanol have been demonstrated
for long-simmered dishes (Mateus et al., 2011). Since ﬂambé
recipes instruct readers to add the spirit to a hot pan to facilitate
ignition (Olson, 2004; Schaeli, 1991), it is unclear what
speciﬁc role ignition and ﬂaming play in changes that occur
during ﬂambé.
The current study had two objectives. First, we wished to
decouple the effects of ﬂaming from the effects of heating
on the loss of ethanol during ﬂambé. Second, we wished to
determine if ﬂaming resulted in browning or sensory changes
to model food systems.
Materials and methods
Vodka system—sample preparation
100 g of vodka (32 g ethanol, Barton Charcoal Filtered,
Sazerac Company, Inc., Metairie, LA) was added to an 17 cm
diameter, 1 L aluminum pan (The Vollrath Co., Sheboygan,
WI). The pan temperature was initially 120 1C. The vodka was
then either allowed to heat for 15 s or immediately ignited by
an extended reach lighter (Bic Corporation, Paris, France) and
allowed to ﬂame for 15 s. For both treatments, after 15 s the
pan was covered to extinguish the ﬂame and prevent further
evaporative losses and then removed from heat. The initial and
ﬁnal mass of each sample were measured. Four replicates were
performed for each treatment, ignited or not-ignited.
Butter–sugar–vodka system—sample preparation
The ratios of butter, sugar, and spirit were modeled after a
typical Bananas Foster recipe (Labensky and Hause, 2007).
Fifty grams of unsalted butter (Land O'Lakes, Saint Paul, MN)
was melted in aluminum pan followed by the addition of 100 g
of sugar (Wegman's granulated, Rochester, NY). The sugar
and butter mixture was stirred on a 130 1C hotplate for 2 min.
One hundred grams vodka (32 g ethanol) was then added and
the mixture allowed to warm for 15 s before it was either
ignited and ﬂamed for another 15 s or not ignited and heated
without ﬂaming for 15 s, after which the aluminum pan was
covered and removed from heat. The initial and ﬁnal mass of
each sample was measured. Four replicates were performed for
each treatment, ignited or not-ignited.Quantiﬁcation of ethanol and water losses
For the vodka system, each sample was transferred to a
graduated cylinder following completion of the heating/ﬂaming
steps, plugged with a glass stopper, and cooled to room temp-
erature (21 1C). Initial and ﬁnal ethanol concentrations were
determined by densiometry (Anton Paar DMA 35, Austria). To
determine the ethanol concentration in the butter–sugar–vodka
system, samples were cooled in an ice bath to allow separation of
solids. The mixture was centrifuged and the supernatant of each
sample was diluted 1:50 by weight with deionized water. The
diluted samples were then sent to the New York State Wine
Analytical Lab (Geneva, NY) for quantiﬁcation of ethanol by
GC-FID (Zoecklein, 1995). The amount of ethanol in grams in all
samples was then calculated by multiplying the ethanol concen-
tration by the mass, and ethanol lost as a result of a treatment was
calculated by subtracting the ﬁnal ethanol content from the initial
ethanol content. Water loss was calculated in both systems by the
formula: Water loss¼ (Initial Mass)−(Final Mass)−(Ethanol
Lost), such that any change in mass other than ethanol loss
was assumed to be due to water loss.
Characterization of browning in butter–sugar–vodka system
by colorimetry
Three ignited samples and three heated butter–sugar–vodka
samples were prepared in analytical duplicate as described
above. Hunter L, a, b values were measured with a Macbeth
Color-Eye spectrophotometer (Model 2020; Kollmorgen Instru-
ments, Corp., Newburgh, NY). Hunter values were computed
from the diffuse reﬂectance of light in the 360–750 nm range at
10 nm intervals based on illuminant A. Measurements were taken
at 4071 1C with a 1 cm path length glass cuvette. Between each
sample, the cuvette was rinsed with ∼40 1C water, soaked in
Decon 90 detergent solution (40% v/v) for ∼15 s, rinsed with
deionized water, and then dried with Kimwipes (Kimberly-Clark).
All values were measured in duplicate.
Temperature measurement during ﬂambé
To measure the temperature at the surface and in the ﬂame
of ignited vodka samples, two K-type thermocouple probes
(Oakton Instruments—Vernon Hills, Illinois) were set at
1 cm70.5 and 7 cm71 above the base of the pan (see
Fig. 1). An additional probe was set in contact with the pan to
measure the pan temperature. Samples of 100 g vodka were
added to each pan and immediately ignited. Samples were
allowed to burn for 15 s before being covered and cooled to
room temperature. Maximum surface and ﬂame temperatures
were measured using a 4 channel digital thermometer (Sper
Scientiﬁc Ltd., Scottsdale, Arizona) and recorded using
TestLink SE-309—RS232 interface software.
Sensory evaluation—discrimination tests
Prior to evaluation of the vodka system, the treatments
(heated-and-ignited, heated-not-ignited) were reconstituted
Fig. 1. Apparatus for measurement of temperature during ﬂambé.
Table 1
Changes in ethanol and water as a result of heating alone (not ignited) or
heating and ignition (n¼4). Uncertainties represent standard errors. Values in













Heated-not-ignited 7.970.9 b 24.772.8 b 3.170.5 a 4.670.7 a
Heated-and-ignited 11.170.2 c 34.770.6 c 5.270.4 b 7.670.6 b
Vodka–sugar–butter
Heated-not-ignited 4.270.5 a 13.271.5 a 8.870.7 c 11.771.0 c
Heated-and-ignited 4.571.5 ab 14.174.7 ab 10.271.9 c 13.572.5 c
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ethanol content (40% v/v) to the unheated control. Untrained
panelists (n¼34), all over the age of 21, were recruited to
participate in a triangle discrimination test. Testing was carried
out in an odor-free and well-lit sensory facility room. The trial
was approved for exemption from the Cornell University
Institutional Review Board. Every panelist gave written con-
sent and was provided with compensation prior to participa-
tion. Samples were prepared in the early morning and sensory
testing took place 1–4 h after sample preparation and recon-
stitution. Each panelist was presented with four rounds of three
samples presented in glasses of the same size. Each sample
was covered with a small plastic plate. Rounds were presented
in the following order: (1) two heated vs. one ignited, (2) two
ignited vs. one heated, (3) two ignited vs. one control, and (4)
two heated vs. one control. Within each round, samples were
presented in random order. All samples were identiﬁed by a
random 3-digit number. Panelists were requested to smell each
sample for no more than 10 s and rest for at least 10 s between
each sample. Panelists were then asked to decide which of the
three samples in each round was different from the other two.
Triangle tests on the vodka–butter–sugar system were
performed in a similar fashion with the following differences:
(i) one fewer panelist was used (n¼33); (ii) samples were not
reconstituted with ethanol and water following treatments
because there was no signiﬁcant difference between ignited
and not-ignited treatments; and (iii) only two comparisons
were presented, either 2 ignited vs. 1 heated or 2 heated vs.
1 ignited.
Statistical analyses
Statistical analyses were performed by JMP version 8 (SAS
Institute, Cary, NC).
Results and discussion
Losses of ethanol and water during treatments
In an initial experiment, 40% v/v vodka was added to a hot
saucepan, ignited, and the ﬂames extinguished after 15 s. The
observed loss of ethanol and water is reported in Table 1. For
the vodka study, the mean ethanol loss in the ﬂambé (ignited)
samples was 11.1 g, or 34.7% of the initial 32 g of ethanol.Two previous studies have considered ethanol losses during
ﬂambé. Our current results are more similar to those of
Augustin et al. (1992), who observed that only 15% of ethanol
is lost during ﬂambé preparation of Cherries Jubilee. In
contrast, a Cooks Illustrated article reported that 79% of
ethanol is lost during preparation of a cognac-based sauce
for Steak Diane (Olson, 2004). The high losses observed in
this latter report are likely a result of greater overall evapora-
tive losses following the ﬂambé step. In that article, 1/4 cup
(60 mL) of cognac is used to deglaze a hot saucepan contain-
ing sautéed shallots, after which the recipe instructs that the
sauce should be reduced to 1 tbsp (15 mL), resulting in a total
loss of at least 75% of the starting liquid. In our current study,
the ﬂambéed vodka was removed from the heat as soon as the
ﬂame expired to prevent further evaporative losses, resulting in
a total loss of only 16.3 g (16.3%) of the starting material.
In comparing our current work to this previous outcome, it
seemed likely that at least some portion of ethanol losses in
ﬂambé occur as a result of evaporation independent of whether
the ﬂame is ignited. To test this hypothesis, we repeated the
original ﬂambé experiment but omitted the ignition step. In
other words, the vodka sample was simmered for the same
time as elapsed in the original ﬂambé protocol (15 s), but the
ethanol vapors not ignited. The ethanol loss observed in this
“heated-not-ignited” sample (24.7%) was signiﬁcantly less
(po0.05, t-test) than the “heated-and-ignited” sample (34.7%).
However, this result demonstrates that the majority of the ethanol
lost during the ﬂambé step is due to the heating and evaporation
of the spirit. Additionally, ∼30% of the mass change during both
processes is due to loss of water, further suggesting that evap-
oration is more important than combustion in explaining ethanol
loss. Thus, it is unsurprising that recipes which require further
heating following the extinction of ﬂames, e.g., reduction of a
cognac sauce in the aforementioned Steak Diane recipe (Olson,
2004), will cause larger losses (79%) of ethanol, although these
losses have little to do with the ﬂaming.
Although heating appears to be the primary reason for ethanol
losses during ﬂambé, ﬂaming does signiﬁcantly increase ethanol
loss. Water losses were also slightly higher in the ignited (7.6%)
vs. not-ignited (4.6%) samples. We also observed more vigorous
bubbling at the surface of the saucepan in the ignited sample. This
is likely due to radiative heating of the surface. Using temperature
Table 2
Lightness (L-) values for the butter–sugar–vodka system following heating






Maximum temperatures observed 1 cm above liquid surface and in center of
ﬂame in ignited and not-ignited sample (n¼4).
Treatment Probe location Max temperature (1C)
Heated-and-ignited 1 cm above surface 66.974.2
Heated-and-ignited Flame 532711a
Heated-not-ignited 1 cm above surface 51.374.3
aOutlier excluded
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the surface in the heated-and-ignited treatment during ﬂaming
was slightly higher than the heated-not-ignited sample, as
discussed later.
A second set of experiments was then performed in which
vodka was added to a base of sugar and butter, with both
“heated-and-ignited” and “heated-not-ignited” variants per-
formed. This experiment was designed to mimic conditions
of a ﬂambéed caramel sauce as is used in Bananas Foster. As
shown in Table 1, ethanol losses in the ignited (4.5 g, 14.1%)
and non-ignited (4.2 g, 13.2%) samples were not signiﬁcantly
different from each other, but both were signiﬁcantly lower
than losses observed in the simple vodka system. This decrease
in ethanol loss was complemented by greater losses of water in
the vodka–butter–sugar system as compared to vodka alone.
This is likely because some losses of water occurred in butter–
sugar mixture even prior to addition of the vodka.
There are several possible explanations for the lower ethanol
losses observed in the butter–sugar–vodka system. The higher
viscosity of the butter–sugar mixture is expected to decrease
the rate of ethanol diffusion (Ghosh et al., 2002), and slower
diffusion rates of liquid fuels will reduce both evaporation and
combustion (Ma et al., 2004). Alternatively, the increasing
lipophilicity of the butter–sugar matrix could have decreased
the vapor pressure through non-covalent interactions. Finally,
because the ethanol would have been at a lower concentration
in the vodka–butter–sugar system, it would be expected to
have a lower vapor pressure and thus be lost more slowly. All
of these factors could also explain the reduced ethanol losses
observed by Augustin et al. (1992) in their study of Cherries
Jubilee, in which the brandy spirit was mixed with cherries and
sugar prior to ignition. Regardless of the mechanism, these
results again suggest that evaporative losses due to heating are
the most important reason for ethanol losses during ﬂambé and
that this occurs independently of ﬂaming.
As previously reported, ﬂambé has the potential to retain a
large percentage of ethanol (Augustin et al., 1992; Cunningham
and Marcason, 2002). In our butter–sugar–vodka system, the
equivalent of two alcoholic drinks (28 g) remained in both the
ignited and heated samples. Assuming that the recipe is sufﬁcient
for four servings (∼50 g of caramel sauce per serving), this
would equate to 0.5 alcoholic beverages per person, which may
be unacceptable for individuals who are attempting to abstain
from alcohol. However, in our work, ethanol retention was lower
when the spirit is ﬂambéed in the absence of any other
ingredients. Finally, we expect that ethanol can be reduced
further when given additional cooking time to evaporate follow-
ing the extinction of the ﬂame.
Browning reactions during ﬂambé
Browning reactions are hypothesized to occur during ﬂambé,
with the justiﬁcation that the ﬂame temperature greatly exceeds
the temperatures needed for these reactions (Olson, 2004).
However, this claim has not been carefully evaluated. Colori-
metry was used to evaluate changes in the lightness of the
sugar–butter–vodka samples in the heated-not-ignited andheated-and-ignited samples in comparison to the unheated
control, where a decrease in the Hunter luminosity value (L)
was taken as an indicator of browning. Data from the unheated
control sample was not included because of the difﬁculty in
dissolving the sugar in the butter without any heat application.
As shown in Table 2, the mean L-value was not signiﬁcantly
different (p¼0.081, two-tailed t-test) between the ignited
(L¼29.7) and not-ignited (L¼28.2) samples. By comparison,
production of caramel by heating an 83% w/w sucrose solution
at 160 1C for 30 min resulted in a 30% decrease in the L-value
(Quintas et al., 2007).
Our observations are in contradiction to the conclusions of
an earlier article (Olson, 2004) which reported that the ﬂames
of a ﬂambé reached temperatures 4500 1F (260 1C), well in
excess of the temperatures necessary for either Maillard
reactions or caramelization to occur (Kroh, 1994). However,
this previous study used an infrared thermometer to observe
the ﬂame. While the location of the thermometer was not
speciﬁed, it is expected that this approach will measure only
the highest temperature of the ﬂame rather than the surface
temperature. We utilized two thermocouples: one positioned
1 cm above the liquid surface, and the other in the center of the
ﬂame. Maximum recorded temperatures over 15 s of ﬂaming
are reported in Table 3. The maximum ﬂame temperature was
532 1C, higher than that of an earlier report (Olson, 2004) and
well in excess of temperatures needed for browning reactions.
However, the average maximum temperature 1 cm above the
surface, 66.9 1C, was less than the boiling point of water,
although signiﬁcantly higher than the maximum temperature
(51.3 1C) observed in the heated-not-ignited treatment.
The caramel sauce used in our preparation has low protein
content (0.85 g, or 0.3% w/w) as compared to sugar content
(100 g, or 40% w/w), and is expected to have a pH ~7 due to
the neutral character of the major components. Under these
conditions, the majority of amine groups on amino acids are
expected to be protonated, and thus the concentration of amino
acids that can participate in Maillard reactions is expected to
be low (o100 μM).
Table 4
Triangle tests of treatments from vodka (n¼34) and vodka–sugar–butter




2 Heated vs. 1 Ignited Y
2 Ignited vs. 1 Heated N
2 Ignited vs. 1 Control Y
2 Heated vs. 1 Control N
Vodka–sugar–butter (n¼33)
2 Ignited vs. 1 Heated N
2 Heated vs. 1 Ignited N
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in our model system as a direct result of the ignition. While
caramelization requires only sugars and no amino acids, it is
also generally understood to be of negligible importance at
temperatures o120 1C (Kroh, 1994). Previous work on
caramelization kinetics in an 83% w/w sucrose solution at
160 1C observed no visible change in the observed color until
8 min after heating commenced and no change in lightness (L)
until 15 min (Quintas et al., 2007). Reaction rates were also
almost 200-fold slower at 100 1C compared to 160 1C. Since
the surface temperatures in our system were always o100 1C,
and because the time frame for elevated heating due to the
ﬂame is short (o1.5 min before extinguishing), we consider it
unlikely that ignition is responsible for any detectable changes
in browning as a result of caramelization.
We are not aware of any previous studies on browning
reactions in systems identical to our butter–sugar–vodka system,
but one report considered the effects of heating a model Madeira
wine (glucose and/or fructose in 16% v/v ethanol, pH 3.5, 0.3%
amino acids) at 75 1C (Kroh, 1994). The concentration of
glucose and fructose in the Madeira model was not stated in
this article, but the typical sugar content of dessert Maderia
wines may be up to 6.5% Baume (∼120 g sugar/kg) (Robinson,
2006). After 4 days of heating, or over 10,000-fold longer than a
typical ﬂambé ﬂame will stay ignited, negligible changes in
absorbance at 420 nm (o0.1 AU) were observed, indicating
that browning was minimal. Furthermore, over longer periods of
time, up to 26 days, the presence of trace amino acids actually
decreased the amount of browning (Kroh, 1994). Again, this
suggests that browning is unlikely to occur in ﬂambé.
Although our conclusions contradict information in some
cookbooks, our observation that ﬂambé conditions do not
result in browning is not entirely surprising. Many ﬂambé
recipes still require browning steps to be performed prior to the
ﬂambé. For example, Bananas Foster recipes instruct cooks to
prepare a caramel sauce prior to addition of the rum or other
spirits (Labensky and Hause, 2007). If browning could be
achieved solely through the ignition of the spirit, then a
separate browning step prior to ﬂambé would not be necessary.
As a caveat, it is possible that conditions that are more
amenable to Maillard chemistry, e.g., higher protein content
dishes like meats or higher pH, could potentially see increased
browning as a result of the slightly higher surface temperatures
resulting from the ﬂame. However, these Maillard reactions
would also presumably proceed more quickly as a result of any
other heating before or after ignition. Finally, our conclusions
would not apply to recipes which instruct the cook to pass
ingredients through the hot part of the ﬂame, e.g., by
sprinkling cinnamon into the ﬂame as is suggested in some
Crepes Suzette recipes, or in the formation of a caramelized
sugar topping using a torch during crème brûlée preparation.
Sensory evaluation of treatments
The previous results demonstrated that ethanol is lost during
ﬂambé but that the majority of this loss can be credited
to heating alone. Previous research has demonstrated thatrelatively small differences in ethanol concentration can be
distinguished. While this loss of ethanol may be desirable, it is
also evident from our current work that ignition is not
necessary to achieve ethanol loss.
To investigate if there are sensory consequences of ﬂambé
beyond ethanol/water loss, we performed the vodka ﬂambé
experiment with control, ignited, and heated-not-ignited treat-
ments. Following treatment, the ignited and heated-not-ignited
samples were reconstituted with neutral spirits and water to
compensate for any losses of ethanol and water. Triangle tests
were then performed on the three samples in different combina-
tions, and the results are reported in Table 4. Signiﬁcant
differences (po0.05) were observed for the “2 heated vs. 1
ignited” and “2 ignited vs. 1 control” tests, indicating that the
heated-and-ignited samples were distinguishable from the con-
trol and heated-not-ignited samples even after compensating for
losses of ethanol and water. No signiﬁcant difference was
observed between the heated-not-ignited and control sample
(p¼0.200). However, because of the relatively small number
of panelists (n¼34), the statistical power of the test was only
sufﬁcient to conclude that no more than 50% of panelists
(chance adjusted probability, Pc¼50%) would be able to
distinguish at βo0.05, based on tables presented elsewhere
(Lawless and Heymann, 1998). Interestingly, no signiﬁcant
difference was also observed when 2 ignited vs. 1 heated
sample was presented. These data were not combined with the 2
heated vs. 1 ignited sample because they did satisfy the Smith
test criteria (Lawless and Heymann, 1998). Because this trial
was presented to panelists after 2 heated vs. 1 ignited, it may
reﬂect fatigue on the part of the panelists.
Sensory results from the vodka–sugar–butter system are
shown in Table 4 for two triangle tests of heated-and-ignited
and heated-not-ignited samples. The two tests were not
combined because they did not satisfy criteria of Smith's test
(Lawless and Heymann, 1998). Control samples were not
included because it was not possible to homogenize the butter
and sugar without some heating. We observed no signiﬁcant
differences in either comparison (po0.05) and could conclude
that the majority of the panelists found the treatments
equivalent (βo0.05 for Pc¼50%).
In summary, ignition of vodka results in sensory changes in
comparison to unheated control and heated-not-ignited samples.
However, in the butter–sugar–vodka system, heated-and-ignited
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of panelists suggesting that any sensory changes resulting from
ignition are masked by other aromas in the system, i.e., the odor
of the butter. Thus, sensory changes for most people may only
be apparent in preparations which possess weak aromas prior to
ignition.
As a caveat, our ﬂambé treatment was performed prior to
sensory trials such that in some cases several hours elapsed
between the ﬂambé and sensory evaluation. It is possible that
some evanescent sensory changes would have been lost
between sample preparation and sensory evaluation. Harold
McGee has reported that liquor takes on a slightly “singed”
ﬂavor resulting from ignition (McGee, 2004). In informal
evaluations, we noticed a singed aroma immediately following
the ignition and extinction of the ﬂame in the vodka system,
but this effect was not further investigated. Since the system
only contained ethanol and water, it is possible this could arise
from compounds formed from incomplete combustion of
ethanol during combustion, e.g., acetaldehyde (Poulopoulos
et al., 2001). Future studies in which chemical or sensory
evaluations are performed on the ﬂambéed dish at different
times after extinction of the ﬂame would be interesting, albeit
more laborious, to execute.
Conclusion
Many changes that occur during ﬂambé can be ascribed to
heating rather than ignition and ﬂaming. While ethanol and
water losses were greater in heated-and-ignited samples, the
majority of the loss appears to be due to the heating process.
Thus, extended heating of the spirit following ﬂambé is
expected to minimize any changes resulting from ﬂaming.
Sensory differences were apparent between ignited and not-
ignited samples in one discrimination test, but both ethanol
loss and sensory differences between the treatments are
obscured when butter and sugar are included in the recipe.
There was no evidence of browning as a result of ignition and
ﬂaming, likely because surface temperatures were below the
boiling point of water. While part of the appeal of ﬂambé in a
restaurant setting may be its theatrics, in culinary settings
where ﬂambé is not practiced in front of the customer it may
be safe to partially or fully dealcoholize a large amount of
spirits using gentle heating without ignition during preparation
steps. This dealcoholized spirit could then be used in the recipe
and the ﬂambé step and its inherent dangers avoided. Alter-
natively, a chef could have such a product on hand for
customers who wish to avoid ethanol in their food. Theorganoleptic acceptability of replacing ﬂambé with previously
dealcoholized spirits in real recipes was not tested in our
current work, but that should be an interesting future direction
for practical study.Acknowledgments
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